CLIPPEDIMA E= JP02000022283A 
PAT-NO: JP02000022283A 
DOCUMENT-IDENTIFIER: JP 2000022283 A 

TITLE: SEMICONDUCTOR ELEMENT, METHOD FOR MANUFACTURING 
SEMICONDUCTOR ELEMENT, 

AND METHOD FOR MANUFACTURING SEMICONDUCTOR SUBSTRATE 

PUBN-DATE: January 21, 2000 

INVENTOR-INFORMATION: 

NAME COUNTRY 

TSUJIMURA, AYUMI N/A 

HASEGAWA, YOSHITERU 

ISHIBASHI, AKIHIKO N/A 

KIDOGUCHI, ISAO 

BAN, YUZABURO N/A 

N/A 
N/A 

ASSIGNEE-INFORMATION: 

NAME COUNTRY 

MATSUSHITA ELECTRIC IND CO LTD N/A 

APPL-NO: JP1 01 90059 
APPL-DATE: July 6, 1998 

INT-CL_(IPC): H01S005/30; H01L033/00 

ABSTRACT: 
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in an element layer. 



SOLUTION: A lll-V c mpound s mic ndu t r lay r is form d on one main surfac 
of 
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an AI2 3 substrat , wh r th lll-V comp und s mic nduct r lay r includ s a 
GaN 

buffer lay r 12, an n-type GaN c ntact lay r13, ann-typ AIGaN clad lay r 14, 
a GaN ptical guid layer 15, a GalnN quantum w II activati n lay r 16, a 
p-type AIGaN clad layer 17, an n-type GaN current block layer 18, a p-type GaN 
contact layer 19, or the like. On the other hand, a ZnO layer 112 is formed on 
the other main surface of the substrate 11. The lll-V compound semiconductor 
layer and the AnO layer 112 have a thermal coefficient of expansion that is 
smaller than that of the substrate, thus preventing warpage from being 
generated on cooling after forming the semiconductor layer. 
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[ff*«12]^*«^<i:t,Ni. Au, Al, I 

imm 1 3 1 mz<^*<vm±£wm&m&mi 

10 ^<»8I^J: 0 ntffi«»6&£9Gi» 
£< *> 1 MKJURfctSXSfc . m£^Oflfctftf)± 
iB±fclJiJHi:<^ ! 5c<fcfcNfc#*. ^tffMgJ: 
"9»MI«ib&^^iii-vKfl:^!|i^«cfl£^ 

mtfc 1 JiBLhO^Sr <ttNm. **om^8t i 
OHfe^lSito^^t win— v^fb^fe^ftB^jRS 
f-SISt. WSlSt^MMJiS LTmiai I 

i-vsHt^!i*i^«cs*^*s^«tas£#sxg 

fc. iS 2 l«HMJifcl*ia±^*<k«>Nfr*tt 

II I - VMk^¥@*A^ =5rS#^ £Bt&-i-him 

30 [0001] 

m^^&mm^^m-rhmm^^m^m^iz 

[0002] 

T. AlGaInN3Mf»5Nfc*tH I I-VKfl:^Hj 
iNWc^Wiikj^**. MxtfApp lied 
Physics Letters^7 2i (199 
8) 21 l~2 13Hfett. Al 2 0 3 S«5-fflV\ Si 
O2 v*?±fc:5-r5/Hfc&3-t*Tt G a N®<7)±t^ 
H-r A 1 G a N/G a NSS<8^ ^ 5 «/ FJiiJ itX I 
n G a N^Stt^#F?SeS£W^-S^«sV-^^ 
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7nmftiStt3V%TEja^l6jSL. iB*2inWCl 1 

[0003] mmfr^mmm&tfmzti&^mim 
$m^&<?>ffmmv$>z&. mizi*. m%t lx& 

m:±m.<7)A 1 Ga I n N$¥3fMI4&Sli*ft* z t 
ZX. %£k&m<V£%&<7)m&b*t> . HRfcA 1 2O3 

[0004] tt:m=Fm<mmz^ Hu&m&M* 

[0005] 

oo—iio o-csjgcosaTioxe^^f^;^^ 
jsb b h xp&^^ 5 •/ ^ z^zmz lxl$o. 

[0006]«-)t, AlGaInN^*l/-f<?) 

m^im^mm^mmu^ix^Lt^iiz\±. m 
ym?) *&m-z>zb*±t:&mb-t&. 

[0007] 

[lSS£«P&-r6£#x7>^8] JJBOBW&ajS^S^ 30 

fcfc-fSlifjaL Wit. fd^Rco-^iM 

±£Jft£3*i*: 1 Sm±<^=5r< b %> N S-iPOIll -V 

[0008] ^<mmzXtl\i. ^*ffi»L 

[ 0 0 0 9 ] it: . WSLb . B51ES«tf>--:£r<0±ffl±fc 
^jSSflfc 1 VfiLb4tf»fir< f: t N£-£tfIII - VBHfc 

ismmmttt&imtmT-x'h^x. m^Mmo 
m<^±mmizti^x. mLW&mzimvmkit so 



Kxm^Utti'frt&tK ittt* SfiCt. fufB»lRtf> 

tf 1 1 1 - vmt^mmim i^tt^mm^x^ 
x. mdM&<mn<7)3M®£MJMm * srr s is* 
izx-oxhiMb mizB. 0 <om.m±t & zbttx 

[0010] ittm\mmmm.<r)wmmt. m 
n<D-^±m±izmmm^mmL<o^mmwL 

X 0 v^ma^$r£gBSS£iKK b *> 1 JiJBU: 
«8£tSIgfc . fiES«tOfl!rtr<0±ffl±tc 1 Jf Gib?) 
4*5:< fci>N i>olMJ: OSftPSg^R^/h 

lm&LiMm-zjMb. mWRomnnwuzi 
b. wmmRxmiemL^miLxmBiu-vm 

[0011] z.<rmnzxtu&. wRb%&\\\-vm 

sifc* s T^s. ±Mff)toizLxmm,t^m 
mtiiizm,x. ui-vw&£wm»mzmfct& 
b. ff^v>x\^mftm = F*n&zbti i xz&. 

[00 12] 

imirmmcmm] \xf*m\<nmtfomwizmh 

mumiz^uxmrn^miv^ii^muzmmth. 

m?-e> i->?&5^i/- if i&^t^tf xmwzff 0 
v. xmitetmwtmT-izmt*?. Nmuii 

[0013] (uss^ffii) muz*%m<?Mm<?>B 

■r. HltcfcWC. 1 l(iAl2O 3 S«c(g$15 0^ 
m) . 12JiGaN^«/7r« (Mff4 0nm) . 13 
HnIGaN3^7 h« (Sf3/Jm, ^•vUTSS 
lxlO l8 cm' } L 14{inMA 1 GaN^5>/KS 
(BlfSOOnm. 4f^UTSS5xl0 17 cm-3) „ 
1 5ttGaN3^^fH« (Kffl OOnrn) . 1 6<±G 
aInNft^#F?SttS. 17ttplAlGaN^77 
¥18 (HV 5 00nm. * !J7**3 X 1 0 17 c 
m-3). lSlinSGaNmiST'ay^S (K5400 
nm, df^'JT^Jt5Xl0 17 cm-3) , 1 9lipMG 
aNa^^M (MSC4 0 0nm. ^>;7ffK8X 
10"cm-3), HOIinSS®. HlJipS! 
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xhh. ^txm^.<omnz\tznomi 12 

[0014] ^R^lStO^Tti. nl, P M&6 
V^iffiSHtTAoTtiV^ GaNA* 7 7rIl 
2Ji. J&7»&>'A 1 Ga I nNm^ttl&Pai:^ < 
H&SA 1 2 0 3 S1SU:(CA 1 Ga I nN^|^i^ H B B & 
2»5cj£^-ti:S/i46l;Mtt^flSi<O-C-*0« GaN 
imiZA 1 N&SUiA 1 GaNZm^&Zt i>XZ 
S. 

[00 15] nSGaNny^^Ml 3<0lSgt{i. » 10 

[0016] AlGaN?77F114, 17<DA1& 
■ajttis 09xtf8%T&5. 5:45. Aiaflfcisvvc 
<±. A l aAtteflthk ISfftJ «ttmfi!8!)?glS<0Jt!rat 
ftoT* 5 y^aSttl^^ ji3=SrA 
JUL ISffticttPF^^SSrS^g^l.. 

[00 1 7] Ga I nN»^#FS5ttll 6£7)1fBtJi. 
C»Ji.(fJi55nm. I nSH B B ifc3%ORtg»4^i:ISS 20 
2. 5nnu I ng^mltl 3%ff>WPM3Mb1fi^SJiZ 

mmztixts o . -&±.<vmmm<7>±.£nsm 5 nm. 

AlSSJtl5%<7)AlGaNS*Hi*)5. ^AIG 
aNJfttGa I nNjfO^^IJ&C^T*!.. 
[00 18] ±S<0HltC*L3tAl Ga I nN^ 
#^B?)giSt;fcitoT(i. MOVPES&S^JiM 
BE^^ffl^^ffl^S-fc^'-CiS. MOVP 

E&c{igfi^^aLrc«^2rite B H H ^^s <r t #-c 

g£ J: OSBK&JfcllSWfcfH i fc*>"C# S . 30 
[00 19] MOVPE3rC«. GajSi:LTI±HJ* 

f-^xry^A (jut. TMGfcms-r) . hyx^xru 

(JUT. TEGfcBS-T) „ A 1 Mb LTliMMf- 
*T*5-'7A (JUT. TMA£BH") . hUX^T 
/PS-^A (JUT. TEAfcBS-T) . I n*fcfClih 
WfjM^A (OT. TMlkBS-T) . HJxf- 
(JUT. te I tntt) ^h'JT;P^ 

Mgfc LTab'X^^n^y^yX^l/V/^y^A 
(JUT. Cp2MgfcH&-f ) «Wlft*<Ml*. £*l&£> 

[0020] -^MBESrCtt. IHJfilu TfclMi: 
LTIi-etL-en^HGa. Al. In. SitJirfMg 

Effi-eiiMovp E^t:ik^Tjs«iassrfi<-rs i t 

WX-Z . #¥WI»W>J*ftfcff*.*J& 1 . A 1 Ga I n 50 
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[0021] ±m<r>x o wjwsnfc^mwn/— fko 

WC:*JSe** . A 1 2 O 3 <0iijg5g«&tt8 . 

0X1 0" 6 /K. III-Vi£fc#|fc¥#ftJlT£>6A 1 
GalnNmm#<7)BJmmUi4. 0~5. 5X1 

o- 6 /kt*s**> (m-wmft^mmm<7)m 
x-mu - vmc^mm^m^^^^^m 

m l iz^m^Xii. 1 1 i-VMk^fW®{4c 
Jf^jKSfiTVvfrvMlloaSTOfc. S^coa 1 2 0 3 

SC2. 9X10-VK )TSBSJI112*#JftUll 

fc. ai lOsmsLvmfflMizm^&ztoxz &wm<7> 

[0022] »CtJUTT«. H 1 IzjkLfcimfaU—f 

m?zmmiim£^xwLwt& . sr i 1 ta. ( o 

0 01) Mffi$-^iffiWliUit#^B H B A 1 

lOs&JflV^ ifc-fgKgSTKZnOJll 12^JB)iW- 

O V P E^fcS V mm B Effi^tl J; Sxtf^^f 

0Hi.tfMOVPE^-C<±. ^Xf-/P3S§&fcN0 2 £lim 
ttTx^f^V-if (»I248nra) &IOftT5 

ooxrcxK^^^n«**»6n*. zzxit. u- 

[0023] ^KH. a^L^AUOaSKl l^s 
KSJfi^trA^t. B?3l5hE3x 1 0 6 To r r<7)#H 
SrW7 5 OrT'l O^ISlnlSL. V--y 

rzfio. mvzwKmat* e oortcL-czno tm 

T««C^2xtmJt«$ii:&. fig^^SHMSr 
It^l^ffkU 5 0 0rT7--;H.TZnO^l 1 

[0024] iJCtCMOVPE^ffl^TAl 2 0 3 SKl 

[0025] w$gm<wt±7? ±izmtL . 3 0 0 T 

o r r<r)Xmm& 1 1 2 Om OiMSMfeL. s 

mmn? »--yrifi$ . f^vc««i&g£ 500 



(5) 

7 

V/IIIifcfcBS-f) fcSOOOfcLT, WSLl 1±KG 
aNA' 7 7rll 2£4 0nm*fg$-£S. TM 
G<7D*ft&£it#>T 10 0 0X;$Tffl2Lt& .10 0 0 
Wzmmt. StfTMG£{S&U V/IIIJt£2 5 0 

o t ix. mmizft&iztf^mmiz i o 6 oxre 

^7y^jDxTnMGaN3^^hJfl 3?:^$ 
tf. TrnZSumh-rh. ^V%TTMAS:lnii.TnMA 
lGaN?77H114^500nm)SS3t5. TM 
G(C«^-STMA^t8it{410%-C*S. S^fc. T 10 
MAi5±tf;^y(?>^£±tf>TGaN3fc5M KWl 5 
£l00nmjfcg$-l2;6., 

[0026] GaN3fc#>f FJfl 5<7)&gm. TMGff) 

m&i>±tbX8 1 ox:^-ma-rs. s 1 ortsijg 

*^yT#X£Ar{C«J9#i.T. #F*fc*JVYt 
fctTEGfcTMI£TMItf)§vtBJt#8 5%. V/III 
Jt#l OOOOfc&SJ:-?. ifc&SSfcrfcVYttiTM 
i^ffllb&»*i5%. v/injt^eooot^.td 

tt&l/C. Ga I nN»^#F«ttSl 6^fiJ^"5. 
[00 2 7] Sl£iaK£1030ri-C#iaU 20 

-T^fflV^TGaN3by>f FJ11 5J100nm)SI3 
TMAfcCp2Mg£Jn;tTpSAl 
GaN?5-/KJfl7£5 0 0nmjfeg;£-lt£:&. USB 

[0028] VltOX 0 LTII I - VIJHfc^fetfsitt 

m=Fmiw&?z>m<7)iimt lxumb e&aw6*i 

h. MOVPE£fcMBES=£fi*£;btft\ £ 
»9nS®£MOVPEarCJfcllU vSttJffcitfp 30 
SJf£MBEft-C!££U:t>,fcH. MBEffiTJi*^' 

>y s^-^ 3 y&mz. h&wx. mmwz P mm 

[0029] &±mm.£Xmx&t>tlZ:VjLWBL 

i&mmizznomi i izm^^mxm&nms 

<08. Smtimt&t. BLWltAsZmAZiX^ 

z n ojkhbb*- zmmij £fj*>mz tiztubt n*. 40 
[0030] z^^i^-^-vu-^m^iztn. 

S. i-f. <!3/im<7)Xh7^T«Si02$-®jSi- 
5. .I;ft.£v*?i:LT. plAlGaN77-/Hil 
7 U y S^tttdXS 400nmF54x v+yy-fh . 
^MOVPEffitJ:0nSGaN«g[yo-y^ni8 
£4 0 0nm§lRj£££-lt6. SiOzV*? 
fcH*U BtfMOVPEffifciOpSGaNn^;?? 50 
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MI19£4 0 0nmjfcg$-£S. %t>\,Z. nM«8£l 
llSJRSWifcft. P iGaNay^Ml9K 
nlA 1 G a N 9 v v 1 4 * Tfc b* X -y f-y^ 
U nSGaNr?y^^h«13*Saj§-frS. 
[0031] MgT^-feT-^SStt-fbOfeto^ifeJPUi. 

;e.i£g*#iam*T6 o o-c. 2 04hsk»*. 

[0032] Jgf^tr. m^*i> XX/ V >7Zfi 

11 lfcliTi/Mo/Pt/Aul6««5nS. 
[0033] £0?x'\£i8IL?£&3ft£*flU.tf 
0. 7jumi:U ffiSSlfittS^a-T-f y^S-SSL 

&Jg&Ste4 04 nm s L#l^ffimSfti94m 
A. *«ftftft?»*li7 0K. I'-irfHHIWtoW 

[00 34] <ggffc<Qjg!B2 ) m2lz*micrm&cr)B 

■*. H2£&vvt. 2 l«nI6H-S i (*£ 
150Am. ^'JrfS2xl0 18 cm-3). 2 2tt 
AlNA V 7rJI ()S*10 nm) „ 2 3(iAlGaI 
nN/^7Tl (ii20nm), 24linfAlGa 
WV'/YM (M500nm. =*^'J7&Jg5x 1 0 
"cnr»), 2 5ttGaN3fr5K h'Jf (MfflOOn 
m) „ 2 6MG a I n N»^#F?Stt». 2 7(ip3JA 

1 GaN?57>'f (K55 0 0nm. 4Hr!J7ftK3 
XlO"cra-') . 2 8«nlGaNfg[7'07^1 
(MJ¥4 0 0nm % X 1 0 17 cm"! ) „ 

2 9<ipSGaN3^^^M (K54 0 0nm v Jf-V 
'JT^SS'X 1 0 17 c m-3 ) . 2 1 OttpM«ffirj> 
*. *Lr«E<«Bfffcl±^BHi-C*4Ni/AuJi2 
11 (M400nm) *9g«$ttTV^. 

[003 5] ^-ii. £K^«@(»V)Ttt. nS. p 

SSrffl^Tti^. mta* 4H-SiCtfD(000 

i ) wp*> [ii-20] xfo^gimm-tttim&z 

[0036] ±M<OX o tzmit&tvKiimfcU—f IZ-? 

xio-'/k. GaNmmw>m%miit5. sx 

I O'VKTftS^ft (in- VM^WI« 
fflTcoxlf^^^^^^TmMia^T^flJi-Sj^ 

II - VKft^imMMBaSflWrFtfifc** ± 3 fcR 
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<ds i c x mjffim&v>±^£w$<wm?m®m 
2 1 1 *jb*u isjp. fiija. jassKSrewH-scifc 

tf>T# SfiS^^ti, N i J$>Au J^MCA Kin. 
[0037] JJfiiOHM^Sl fcH&S/*ifco 

[00 38]fflR21tc:tt. ( 0 0 0 1 ) S iffi£±ffi 

V\ t.'fgffiMKlzN i/Auf2 1 1 ZM%<7)Mmi 
*i£tc«fc OJgfi&tS. Btfg. flfe#U:S«2 1 £K£3£ 
«« KAfu s«iag{±3 5 ox;*: txmsss x 1 0 

-7TorrErPCNi£10nnu Au£3 9 0nm)S 

fflU*. &*5. |»J^g^S{iNi^38xl0-6/K. 
Au#4 3X 1 0" 6 /KT*5. 
[0039] ifcfcMOVP E££fflWC S i C*R2 1 

Wf*7"*±fcaBU 3 0 0Torr<%|«i!l«>t« 

1 1 20m omw&u sbssb^u--^ 

£frd. d<9fc£fc:. W0Ni/AuJ121 miuS 
^tatt^liO- SK2 1 fc^^JSiifcjg 
BTSS{±jKS!i:$nS„ ^tskss* 10 0 or* 

*-Ti:£IHv\ 2«21±fc:AlN/'W7rJf2 2£ 
10nm«ai$-a:. TMA^ffifeSiftS. £<c>fc:2« 
aSS- 91 Or itTff. TMA. TMG„ TMUi 
AlGaInNA' 7 7rl23J20nmM 

[0040] &sk&mn?nt>titi*7xw%. o £gi 
{cn i /Aui2 1 1 zmv&tf&mTmmtvm&v) 

13. 5mbimtZt. KWtmiZtlX^ZZbW 

m?®£ftmt&3m r )ft;jj&. mmmnu i/Au 

[0041] £CKffi0>Ni/AuJi2imi' 

-^mTm&miz+frfr&fczti. nis i ctzm- 
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W-J'/^Hi^Sfflt. 02O^^fil3iCt5^T 

[0042] (Hife^SS3) 03C*^BBOHS8i^ 

•t. B3fc4JWC, 3 l«nS6H-SiCS«[ (Jf§ 
1 5 0jtzm. ^'J7fl2X10 18 cm-') . 3 2{i 
AlNA'7 7rI (iflOnm), 3 3l4nSGaN 
JS (Wmi6um. 4f*y7W*7XlO"cm-»> „ 
3 4{iSi0 2 VX^«. 3 5«nSAlGaN?7>y 

10 KJI (iiSOOnm. df^'JT®g5Xl 0 17 c 
m-3) , 3 6l±GaN3fc{K HE (KJSlOOnm) . 
3 7{±Ga I nNfi^#F?gttfl. 38&pMA 1 Ga 
N?7-/FJ1 (K55 0 0rimV^^Ur^S3XlO 
"cm-3) „ 3 9{inSGaNSS^O«y?Jf (KS4 
OOnnu ^^'JTSf^SXlO^cm-s) , 3 10(4 
plGaNay^^M (194 0 0nm. 3f-ry7$g 
JS8Xl0"cm-3) „ 31 1«pS«®-C&S. 
TStR<^ffitJiNi/Au«3 12 (JgJ?500n 
m) MBfiSttO**. 

20 [0043] #SU&7>»S»±. S*WtJ±. ±^<^S» 
<9«3g2i:!!g{RLTiJ9. StoOIII- VBHt£ife¥ 

mtmwzxhyj rtts i oaj^a^^tirv^ 

3««ff5^ SiOzia^tCSiaNi^ffl 

[0044] ot. mm<wm2 trnzzmz-mx. 
30 n i/Aut3 1 2^m^<r>^mmm\,zi: o^jkl^ 

[0045] £-fAl W*>y7Tm32V>ftimz3\Zm 
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